The mechanical properties of the lungs and chest wall dictate the relationship between tidal volume, flow rate and airway pressure developed during intermittent positive pressure ventilation (IPPV). The increase in intrathoracic pressures associated with IPPV has consequences for the intrapulmonary distribution of ventilation and perfusion (hence gas exchange), cardiac output and regional blood flows. Barotrauma is a potential hazard. IPPV also affects the homeostatic mechanisms that keep the air spaces dry. Strategies to maximise the benefits and minimise the side effects of IPPV include positive endexpiratory pressure, intermittent mandatory ventilation, differential lung ventilation and high frequency ventilation.
MECHANICAL PROPERTIES OF THE
RESPIRATORY SYSTEM The pressure gradient from the upper airways to the alveoli necessary for inspiration is provided by the creation of a negative intrapleural pressure (by muscle activity) during spontaneous ventilation, or a positive airway pressure during IPPV. In either case, the distending pressure across the lung, the transpulmonary pressure (which is alveolar pressure minus intrapleural pressure), increases.
The driving pressure required to produce a given tidal volume and inspiratory flow rate is determined by the passive forces that must be overcome. Hence during IPPV, the inflation pressure is equal to the sum of the pressures required to overcome elastic, flow resistive, and (less importantly) the inertial properties of the lungs and chest wall.
The pressure gradient required to overcome the elastic recoil of lungs and chest wall is equal to the volume increase above functional residual capacity (FRC) divided by the total respiratory compliance. By assuming laminar flow (see later), the pressure gradient required to overcome resistive forces is equal to the product of flow rate at the instant of measurement and total respiratory resistance. Under conditions of zero flow (e.g. at endinspiration), the pressure gradient is entirely due to elastic forces.
Lung elastic recoil is attributable to surface tension and tissue elasticity. Surface forces vary enormously -surface tension is greatest at high lung volumes, decreasing progressively with lung deflation to relatively low values at 50070 total lung capacity (TLC). I Surfactant, a detergent-like substance lining the alveoli, reduces surface tension. A deficiency in surfactant greatly decreases lung compliance and is seen in the neonatal respiratory distress syndrome. Lung tissue elastic recoil may also be altered by disease. Compliance is decreased by pulmonary infiltration, oedema, fibrosis, atelectasis and pleural disease, whereas it is increased by parenchymal destruction (e.g., emphysema).
Chest wall compliance is decreased by muscle tone, obesity, abdominal distension, external factors (such as tight bandages, clothing and weights on the abdomen or rib cage), and diseases or deformations of the rib cage (such as ankylosing spondylitis and kyphoscoliosis).
Total respiratory resistance reflects the frictional forces developed during airflow and movement of tissues. Of the total pulmonary resistance, more than 90% is attributable to air flow resistance and less than 10% to tissue flow resistance.
The magnitude of airflow resistance depends on whether the flow is laminar (in which case driving pressure is proportional to flow rate) or turbulent (in which case driving pressure is proportional to the square of flow rate). Flow is transitional in most of the bronchial tree, with eddy formation where branching occurs. In general, driving pressure is proportional to both flow rate and its square. For laminar flow, resistance is inversely proportional to the fourth power of airway radius, and for turbulent flow, it is inversely proportional to the fifth power of airway radius. Hence airway Anaesthesia and Intensive Care, Vol. /4, No. 3. August, 1986 calibre is very important in determining the magnitude of airway resistance.
Airway calibre may be decreased by intraluminal obstruction (e.g. secretions, blood, foreign body or tumour), inflammation, oedema, increase in airways smooth muscle tone, external compression, or loss of external elastic support (as in emphysema). The elastic recoil of surrounding tissues tends to hold airways open. Airways calibre is greatest at TLC where elastic recoil is greatest, and at least at residual volume at which point significant airways closure has occurred, particularly in the dependent portions of the lung. An increase in lung volume, as produced by positive endexpiratory pressure (see later) or by tonic inspiratory muscle contraction (e.g. in asthma), allows increased respiratory flows by increasing elastic recoil in the tissues surrounding airways.
As seen above, many conditions may either increase respiratory resistance or decrease compliance and thus necessitate an increase in driving pressure to maintain adequate ventilation. The consequence for spontaneous ventilation will be an increase in muscle work, predisposing to fatigue, and for IPPV, an increase in airway pressure with greater potential for undesirable effects as discussed later.
INFLUENCE OF LUNG AND CHEST WALL PROPERTIES ON MECHANICAL VENTILATION
The mechanical properties of the lungs and chest wall (i.e. their compliance and resistance) determine the flow rate produced by a constantly applied pressure (such as by a pressure-generator ventilator 2 ) and the proximal airway pressure produced by any applied flow pattern (such as by a flowgenerator ventilator2).
Inspiratory time is decreased by increasing the applied pressure in the case of a pressuregenerator ventilator, or by increasing the applied flow rate in the case of a flow generator.
The tidal volume delivered by a ventilator depends on the mechanical properties of the lungs and the magnitude and duration of the applied pressure. Inspiratory to expiratory cycling of the ventilator may be based on a predetermined time, airway pressure, tidal volume or inspiratory flow rate. A pressure-generator, time-cycled ventilator will deliver a decreased tidal volume in the face of increased respiratory resistance or decreased compliance. Under these circumstances, a flow-generator, time-cycled ventilator will deliver nearly, if not precisely, the same tidal volume but airway pressure will be increased.
In a pressure-generator, volume-cycled ventilator, inspiratory time will become prolonged in the presence of increased resistance or decreased compliance. If sufficient changes in these properties occur, the applied pressure may not be enough to overcome these passive forces and cycling will cease. In a flow generator, volume-cycled ventilator, the above abnormal lung properties will result in an increased inspiratory airway pressure. Where pressure cycling is employed, the same abnormalities will cause the ventilator to reach the pre-set cycling airway pressure early, with a consequent decrease in tidal volume and increase in respiratory frequency.
The inspiratory flow wave form varies according to ventilator design. A constant pressure generator develops a square wave proximal airway pressure -the inspiratory flow is maximal early and decreases exponentially as elastic recoil forces increase with the increase in intrathoracic volume. A constant flow generator develops a constantly increasing proximal airway pressure during inspiration. Sine wave flow generators, such as those based on a cylinder and piston, develop a sinusoidal inspiratory flow. Other wave forms may' be generated by appropriate ventilator design. Although various flow patterns have been advocated,3.8 there is no convincing evidence to suggest that any particular wave form is superior.
Expiration in a ventilated patient generally occurs by passive means. The pressure gradient from alveoli to atmosphere is generated by the elastic recoil of the lungs and chest wall, opposed by airway resistance. Hence where airway resistance is increased and/or compliance is decreased, expiration may be prolonged. Air trapping and progressive hyperinflation will occur if insufficient time elapses before the next inspiratory cycle. This may be avoided by setting an adequate time for expiration -either by reducing the inspiratoryto-expiratory time ratio or the respiratory frequency. In the former case, excessively short inspiratory times may result in an increased maldistribution of ventilation (see below). In the latter case, if tidal volume is held constant, hypoventilation Play result from too low respiratory rates. A degree of hypoventilation may be accepted when ventilating asthmatics, in an effort to gain a sufficiently long expiratory time.
INTRAPULMONARY GAS DISTRIBUTION
We have so far considered the overall mechanical properties of the lungs and chest wall and their effects on ventilation. However, these properties are not evenly distributed. Non-homogenous lung disease or IPPV may disturb the intrapulmonary distribution of ventilation, resulting in ventilation-per fusion mismatch, and hence, disordered gas exchange. In normal lungs, the distribution of ventilation is determined by the vertical gradient in pleural pressures and (provided the inspiratory flow rate is low), by the static elastic properties of the lung units.9,1O The gradient in pleural pressures (being lowest in the nondependent regions) is the result of gravity and the shape of the chest wall. I1 Hence, the dependent regions of the lung are normally on a steeper part of the lung volume-pressure curve, which becomes progressively flatter at higher distending pressures ( Figure 1 ). Consequently dependent lung units undergo a larger volume change for a given change in pleural pressure (i.e. they are more compliant than nondependent units). This vertical gradient in pleural pressures is modified by the pattern of respiratory muscle activity which changes the shape of the chest wall and regional pleural pressure gradients. 12 Pulmonary perfusion is also vertically distributed, as a result of gravity. Hence the distribution of ventilation and perfusion are normally well matched.
As inspiratory flow rates increase, time constants throughout the lung assume a greater influence on the distribution of ventilation than static elastic properties. The time constant of a lung unit is given by the product of its compliance and resistance, and determines the rate of inflation for any particular inflation pressure. It denotes the time taken for that region to reach 1. its final volume after the appfication of a flow, if the initial rate of flow has been maintained, or 2. 63070 of its final volume, if the applied pressure was held constant and assuming an exponential decrease in flow with increase in volume. In pulmonary disease where greater variation and prolongation of regional time constants exist (e.g. obstructive airways disease), inspired gas is preferentially distributed to those alveoli with short time constants. This tendency to uneven distribution is accentuated by increasing inspiratory flow rates. 13 A pause at the end of such an inspiration, however, allows a redistribution of inspired gas from alveoli with a short time constants to those with longer time constants.
Posture and the effects of sedation and paralysis are important in the consideration of intrapulmonary gas distribution in the mechanically ventilated patient.
In the awake, spontaneously breathing patient, the lateral posture is associated with a decrease in volume of the dependent lung, because the lower hemidiaphragm is displaced cephalad by the weight of abdominal contents. This domed hemidiaphragm has an increased mechanical advantage relative to the flatter, upper hemidiaphragm. It allows the dependent lung to undergo a greater volume change with each diaphragmatic contraction and consequently, preferential ventilation of the lower lung resuIts.I4 As per fusion is vertically distributed, ventilation and perfusion remain well matched. The supine posture in the awake, spontaneously breathing patient is similarly associated with greater diaphragmatic movements in the dependent zones. 14 IPPV in the supine position results in changes in the mechanical properties of lungs and chest wall, which in turn alter the distribution of ventilation, so that preferential ventilation of the dependent zones no longer occurs. A decrease in functional residual capacity (FRC) is seen, the mechanism of which is not fully understood. It appears to be largely due to a change in the volume-pressure characteristics of the chest wall 15 with cephalad displacement of the diaphragm and loss of lung volumes, both occurring predominantly in dependent zones. 14-16 A consequence of this loss of lung volume is the development of microatelectasis (accelerated by the use of high oxygen concentrations I), with increased right to left intrapulmonary shunting. The loss of lung volume causes the dependent regions (which are already at a lower volume) to move to a still lower, flatter portion of their volumepressure relationships, with a resultant decrease in compliance relative to nondependent regions (Figure 1 ).
The decrease in ventilation of the dependent zones during IPPV is also caused by changes in diaphragmatic displacement. During IPPV, the diaphragm is displaced by a relatively uniform applied pressure which is opposed by a nonuniform, gravity-dependent, hydrostatic pressure gradient generated by the abdominal contents, with the result that diaphragmatic displacement is greater in nondependent regions. While preferential ventilation of the nondependent lung occurs during IPPV, the perfusion remains preferentially distributed to dependent zones, hence ventilation-perfusion mismatch occurs.
The application of positive end-expiratory pressure (PEEP, see later) reduces the preferential ventilation of the nondependent lung by increasing the volume of the lungs, and shifting dependent zones to a higher, steeper (more compliant) portion and non dependent zones to a still higher, flatter portion of their respective volume-pressure relationships. 16 The decrease in the airway closure and atelectasis and the improved ventilation perfusion matching following PEEP, reduces the degree of right to left intrapulmonary shunting. 18
GAS EXCHANGE
Efficient gas exchange is dependent on ideal matching of ventilation and perfusion at alveolar level, absence of anatomical shunts, and unimpaired diffusing capacity of the alveolar-capillary interface.
Abnormalities of gas exchange are most commonly attributed to mismatching of ventilation and per fusion within the lung. We have already seen that IPPV decreases the efficiency of gas exchange by altering the intrapulmonary distribution of ventilation. IPPV may also impair gas exchange by an effect on alveolar perfusion. As pulmonary vascular perfusion depends on the balance between pulmonary arterial pressure and alveolar pressure, a decreased pulmonary arterial pressure and/or an increased alveolar pressure, would be associated with a decrease in perfusion. Indeed, in areas of the lung where alveolar pressure exceeds pulmonary arterial pressure, no perfusion takes place. A gravitydependent, vertical distribution of pulmonary vascular pressures (and thus perfusion) exists. Hence in nondependent lung zones, where pulmonary arterial pressures are least, IPPV (particularly with the addition of PEEP) may lead to alveolar hypoperfusion and an increase in alveolar dead space. 19 ,20 The effect is increased with high inflation pressures, or with conditions that decrease pulmonary arterial pressure (e.g. hypovolaemia).
The potential adverse effect of PEEP on gas exchange by its effects on pulmonary perfusion is usually small relative to its beneficial effects on intrapulmonary gas distribution, provided excessive increases in inflation pressures or decreases in right heart output are avoided (see below).
The associated use, during IPPV, of drugs which decrease hypoxic pulmonary vasoconstriction (such as volatile anaesthetic agents), will exaggerate the degree of ventilation-perfusion mismatch.
It should be noted that any decrease in cardiac output occurring in association with IPPV will increase the alveolar-arterial oxygen tension gradient in the presence of a shunt, as the shunted mixed venous blood will be more desaturated. 21 BAROTRAUMA Pulmonary barotrauma results from overdistension of terminal and respiratory bronchioles and alveoli, with subsequent rupture into the perivascular sheaths of adjacent vessels. This extra-alveolar air may further dissect to the mediastinum, fascial planes of the head and neck, pleural cavity, pericardium, retroperitoneal regions, and over the pleural reflections of the great vessels. 22, 23 The pulmonary mechanical factors influencing the magnitude of intrathoracic pressure changes with ventilati0n have already been discussed. The elevated airway pressure associated with mechanical ventilation and PEEP increases the incidence of barotrauma. 24 ,25 The critical determinant is the increased pressure gradient from alveolus to interstitial space. This gradient is also increased by pulmonary interstitial pressure: Lenaghan et al. demonstrated that pneumothorax occurs at lower airway pressures in hypovolaemic than in normovolaemic dogs. 26
CARDIOV ASCULAR FUNCTION
We have so far considered the effects of mechanical ventilation on the lungs. Cardiovascular function may also be affected, further influencing peripheral oxygen delivery, as this is dependent on both arterial oxygen content and cardiac output.
Cardiac output usually decreases with the application of IPPV27 in part due to decreased venous return. The decrease correlates directly with the increase in intrapleural pressure, as right ventricular filling pressure equals right ventricular end-diastolic pressure minus pleural pressure. A decrease in lung compliance has a protective effect in that pleural pressure is less elevated at the same airway pressure (i.e. transpulmonary pressure is higher). Right heart output is also decreased during inspiration by pulmonary microvascular compression which increases right ventricular afterload. 28 These depressant effects on right ventricular function may be minimised by adequate intravascular fluid support. 28 The decrease in right ventricular output decreases left ventricular preload, and hence, left ventricular output. There is also a mechanism which decreases left ventricular output with the application of IPPV and PEEP independent of changes in pleural pressure. It appears to be related to increasing lung volume as cardiac output is depressed if pleural pressure is held constant and lung volume is allowed to increase. Suggested mechanisms include altered volume-pressure characteristics of the left ventricle, secondary to right ventricular enlargement or external pressure on the ventricle by distended lungs. 29 It should be noted that IPPV may also decrease stroke volume and cardiac output by producing hypocarbia. 30 While the dominant haemodynamic effect of IPPV is the decrease in right and left ventricular performance, a less appreciated effect is an increase in left ventricular stroke volume during early inspiration. This is in part attributable to left ventricular compression by the rise in intrathoracic pressure. It may also be a consequence of decreased left ventricular afterload due to an increase in pressure gradient between intra-and extrathoracic vascular beds. 31 This mechanism appears to be important in some patients with poor left ventricular reserve whose cardiac output improves with IPPV. 32 The rise in intrathoracic pressure affects regional blood flow, largely as a consequence of its effect on cardiac output. Reflex mediated changes in the distribution of cardiac output act to minimise the decrease in flow to vital organs. 33 These effects of raised intrathoracic pressure and its effect on intracranial pressure will be discussed further under 'positive endexpiratory pressure' .
PULMONARY OEDEMA AND IPPV While controversy exists,34 most theories of the homeostatic mechanisms keeping air spaces dry are versions of the Starling hypothesisopposing vascular and osmotic pressures produce a net filtration of fluid into the interstitium. Lymph drainage can cope with this flow until there is an approximate eightfold increase,3s which may occur if the endothelium becomes more permeable to plasma protein or if the capillary-interstitium pressure gradient is raised, either by an increase in capillary pressure above a threshold of 25 mmHg (3.3 kPa) or a decrease in interstitial pressure.
Surface tension is an important factor
Anaesthesia and Intensive Care, Vol. 14. No. 3, August, 1986 influencing interstitial pressure. Any increase in surface tension tends to cause alveolar collapse which lowers interstitial pressure by pulling the adjacent walls of the interstitial space away from each other. An increase in transudation and interstitial oedema results.
Mechanical ventilation can influence this balance of forces. Ventilation with large tidal volumes increases surfactant turnover, 36 possibly by breaking up the surface film or mechanically pumping surfactant out of the alveoli. An increase in surface tension with decreased compliance and interstitial oedema may result. These changes may be important in the aetiology of 'respirator lung'. The addition of PEEP provides some protection: 36,37 possible mechanisms include a decrease in the pumping effect seen at low lung volumes by increasing FRC, augmented surfactant production by the continuous mild alveolar distension it induces, or mechanical stabilisation of the surfactant film. Conversely, mechanical ventilation, optimally with PEEP, increases alveolar and interstitial pressure, decreasing the hydrostatic pressure gradient. 38 This, together with the associated decrease in venous return and recruitment of collapsed air spaces,39 makes IPPV with PEEP a useful therapy in pulmonary oedema, especially when caused by increased pulmonary capillary pressures. Several workers have found that PEEP increases, rather than decreases, lung water in isolated or experimental lungs. 40 ,41 Hence, PEEP may improve gas exchange in pulmonary oedema principally by increasing alveolar volume rather than by reducing lung water.
STRATEGIES TO MAXIMISE BENEFITS AND MINIMISE ADVERSE EFFECTS OF IPPV 1. Positive end-expiratory pressure (PEEP)
IPPV is associated with a decrease in FRC, as has already been discussed. In addition, many lung diseases may decrease FRC. Pulmonary oedema and inflammation or airway obstruction can cause alveolar filling and/or collapse with consequent right to left intrapulmonary shunting. By maintaining a high distending pressure at end-expiration, PEEP increases FRC, counteracting these influences. When PEEP is raised above a threshold level (the critical opening pressure for the lung unit concerned) inflation of collapsed alveoli occurs. Improved ventilation to previously poorly ventilated or collapsed alveoli decreases intrapulmonary shunt with an improvement in arterial P02. A lower fractional inspired oxygen concentration (F 102) may then be used in an attempt to avoid the toxic effects associated with high concentrations. 42 In non-homogeneous lung disease, excessive PEEP may lead to overdistension of normal alveoli, with a decrease in perfusion of those alveoli (because of vascular compression). The result is an increase in alveolar dead space and in right to left intrapulmonary shunting, as blood is diverted to diseased non-ventilated lung zones.
Optimally, PEEP should be tailored to maximise recruitment of alveoli while avoiding overdistension .. Under this circumstance, measured overall pulmonary compliance should be maximal, and it has been recommended as an index to set the level of PEEP which would produce optimal gas exchange. 43 The effects of IPPV and PEEP on cardiac output and regional blood flow have been discussed earlier. PEEP appears to decrease hepatic blood flow in proportion to the decrease in cardiac output. 44 In addition, PEEP decreases renal flow, urine output and sodium excretion: 4s possible mechanisms include a decrease in renal arterial blood flow secondary to decreased cardiac output,46 increased ADH secretion,47 and increased inferior vena caval compression. The use of low-dose dopamine infusions appears to counteract these effects. 48 PEEP may increase intracranial pressure by increasing central venous (and hence cerebral venous) pressure. This effect is not important when intracranial dynamics are normal, but when intracranial pressure is raised, PEEP may produce significant further increases. 49 A major potential problem with PEEP, as previously discussed, is pulmonary barotrauma. The risk may be minimised by avoiding high peak airway pressures, for example by decreasing tidal volume as PEEP is increased.
Intermittent mandatory ventilation (IMV)
IMV, by allowing spontaneous breathing between mandatory ventilator delivered breaths, reduces average intrathoracic pressures and the frequency of high peak airway pressure increases. The risk of barotrauma, which appears to increase with the frequency of these peaks,23 is decreased, as is the risk of cardiovascular depression. This may allow higher levels of PEEP to be tolerated than when IPPV alone is used, with the potential for further improvements in gas exchange. Other potential advantages include a more uniform intrapulmonary gas distribution consequent upon spontaneous breathing, less need for sedatives and muscle-relaxants, a reduced tendency to respiratory alkalosis, and facilitation of the weaning process by graduated exercise of respiratory muscles. so 
Differential lung ventilation
If there are gross discrepancies in the mechanical properties of each lung, then separate ventilation of the lungs may be undertaken via a double-lumen tube to avoid preferential ventilation of the lung with the lower impedance. SI Differential lung ventilation may be either synchronous or asynchronous.
High frequency ventilation
High frequency ventilation is an alternative mode of ventilatory support to IPPV. Three basic techniques exist: high frequency positive pressure ventilation, high frequency jet ventilation and high frequency oscillation. The principle of these techniques is to allow effective ventilation (by enhanced diffusion and interregional gas mixing) without high airway pressures hence decreasing the risk of barotrauma and cardiovascular depression. The topic is covered in depth elsewhere in this symposium.
OPTIMAL VENTILATORY PATTERN Utilising the principles outlined above, an approach may be made to the definition of an optimal pattern of IPPV.
Tidal volume
In normal lungs large tidal volumes (10-15 mllkg) tend to minimise right to left ventricular shunt. S2 However, in abnormal lungs with large regional variations in compliance, gross overinflation of more normal regions may occur, thus increasing dead space. In this situation, a combination of smaller tidal volumes (5-10 mllkg) and PEEP is indicated to recruit poorly ventilated and collapsed alveoli, thereby improving the distribution of ventilation.
Inspiratory flow rate, respiratory frequency
Rapid inspiratory flow rates have the potential to increase dead space by preferentially ventilating lung units with short time constants (see above), and may thus be undesirable. In general, slow rates (10) (11) (12) breaths/minute) are indicated in adult patients. An increase in respiratory rate to prevent hypo ventilation would be indicated when high tidal volume or peak inspiratory pressures are undesirable. Conversely, an indication to decrease the respiratory frequency would be severe airflow obstruction, so as to allow sufficient time for expiration (hence avoiding air trapping and progressive hyperinflation).
Inspiratory flow pattern
Despite different inspiratory flow patterns having been advocated by various sources outlined earlier 3 . 8 there appears to be no clear advantage to any particular pattern.
Inspiratory to expiratory time ratio (I:E ratiop 3
This ratio should be sufficient to allow adequate time for expiration and is generally less than 1: 1. In obstructive airway disease it may be necessary to adopt an I:E ratio less than 1 :3.
PEEP
PEEP is indicated when an adequate FI02 (generally considered to be 0.5) fails to maintain satisfactory oxygenation (e.g. arterial P02 >60 mmHg or 8.0 kPa). As mentioned previously, the use of PEEP may allow a lower FI02 to be used, thus reducing the risk of oxygen toxicity (which in adults appears to have a FI02 threshold of approximately 0.6 42 ).
The usual range of PEEP employed is 5-15 cm of water. It is adjusted to maximise recruitment of alveoli while avoiding overdistension. 43 Predisposition to barotrauma suggests that small tidal volumes (5) (6) (7) (8) (9) (10) mllkg) should be used when PEEP is increased, to minimise peak airway pressure. The risk of cardiac output depression increases with any increase in mean airway pressure and is not, therefore, uniquely related to PEEP. The risk is low when pulmonary compliance is low and the patient is normovolaemic. 54 When the overall margin of likely benefits over adverse effects from PEEP is unclear, invasive haemodynamic monitoring may be useful. 55 Fluid loading and/or inotropic support may be needed.
Intermittent mandatory ventilation (IMV)
While controversy exists as to the choice of IMV versus continuous mechanical ventilation,56.57 IMV has several putative advantages 50 outlined above which commend its use, particularly in patients who are difficult to wean from IPPV.
Fractional inspired oxygen concentration
The optimisation of the ventilatory pattern and use of PEEP to minimise F 102 has already been discussed. In determining the balance between FI02 and PEEP, it should be remembered that peripheral oxygen delivery is dependent upon both arterial oxygen content and cardiac output.
Airway pressure
It is a principle of mechanical ventiiation to minimise peak and mean airway pressures, so as to reduce the risks of barotrauma and cardiac output depression respectively. The risk of barotrauma is increased in certain conditions (e.g. post-thoracotomy, obstructive airways disease, and hypovolaemia). In general, a peak airway pressure of less than 40 cm of water (5.3 kPa) should be aimed for.
While understanding the physiological effects of IPPV allows a rational approach to an optimal ventilatory pattern, rigid application of principles to clinical practice is inappropriate. Each case requires a careful titration of the ventilatory pattern against the pulmonary, cardiovascular, and systemic responses so as to optimise ventilation, gas exchange and peripheral oxygen delivery.
